Spectrum Roentgen Gamma (SRG) is an X-ray astrophysical observatory, developed by Russia in collaboration with Germany. The mission will be launched in 2013 from Baikonur, by a Zenit rocket with a Fregat booster and placed in a 6-month-period halo orbit around L2. The scientific payload consists of two independent telescopes -a soft-x-ray survey instrument, eROSITA, being provided by Germany and a medium-x-ray-energy survey instrument ART-XC being developed by Russia. ART-XC will consist of seven independent, but co-aligned, telescope modules with seven corresponding cadmiumtelluride focal plane detectors. Each will operate over the approximate energy range of 6-30 keV, with an angular resolution of 1 arcmin, a field of view of ~30 arcmin and an energy resolution about 10% at 14 keV. The NASA Marshall Space Flight Center (MSFC) will fabricate some of the mirror modules, to complement others fabricated by VNIIEF in Russia.
SRG Overview
Spectrum-Roentgen-Gamma (SRG) Mission is a Russian -German X-ray astrophysical observatory. A schematic representation of the SRG satellite is shown in Figure 1 . The Max-Planck-Institut für extraterrestrische Physik (MPE), Germany, is responsible for the development of the key mission instrument -the X-ray grazing-incidence mirror telescope extended ROentgen Survey with an Imaging Telescope Array (eROSITA) [1] , the major characteristics of which are shown in Table 1 . The second instrument is the Astronomical Roentgen Telescope -X-ray Concentrator (ART-XC), an X-ray mirror telescope with a harder response than eROSITA. The ART-XC instrument is being developed by the Russian Space Research Institute (IKI) and All-Russian Scientific Research Institute for Experimental Physics (VNIIEF). The x-ray optics for the ART-XC instrument are to be fabricated by the VNIIEF and by the Marshall Space Flight Center (USA).
The scientific payload is housed on the Navigator platform, developed by Lavochkin Association (Russia). The details of the platform design parameters are presented in Table 2 . This platform has been developed to be a universal mediumclass platform for scientific missions planned to be launched to different orbits. The platform has the full set of service systems for autonomous operations and support of a scientific payload. These include an onboard control system; telemetry system; spacecraft navigation system; solar panel orientation mechanism; onboard radio complex; power system; thermo stabilization system; angular orientation system; and a set of thrusters. The Navigator platform can provide 3-axis stabilization on any point of the sky or rotation with variable speed, which is an important feature to be utilized by the SRG payload during the pointed observations. Spectrum-RG will be be launched in 2013 from Baikonur and delivered to L2 point with use of the Zenit rocket and Fregat booster. To achieve the better use of final orbit parameters a gravitational manoeuvre around the Moon will be Figure 1 . The SRG satellite utilizes the Russian Navigator platform. The eROSITA and the ART-XC telescopes, installed on the platform, are shown in blue and gray, respectively. The SRG observing program is divided into three stages over the 7.5-year mission lifetime. The first ~100 days during the transit to the L2 point will be devoted to initial check-up and in-flight calibrations. The next 4 years will be devoted to the all-sky survey. During this time, the SRG observatory will rotate around the axis pointed to Sun, with a period of several hours. SRG will observe the whole sky every half year due to Earth's rotation around the Sun. The final stage of the mission, which will last about 3 years, will be spent on pointed observations of selected objects from the most interesting galaxy clusters, AGNs and galaxy sources. Short (up to one month) pointed observations are possible after each half-year survey period.
The mission will conduct an all-sky survey in the 0.5 -11 keV band with the imaging telescopes eROSITA and ART-XC. It will permit the discovery of all obscured accreting Black Holes in nearby galaxies, many (~millions) new distant Figure 2 . The ART-XC telescope. The optics and the light restricting telescope precollimator plate with closed cover plate are installed on the top of the carbon-fiber tube (shown gray). The star tracker (blue) with its own radiator is also installed on the top of the tube. The detector cooling radiator (orange) and the electronics boxes (light gray) are visible at the bottom of the tube. AGN, and the detection of all massive clusters of galaxies in the Universe. In addition to the all-sky survey, dedicated sky regions will be observed with higher sensitivity and thereafter follow-on pointed observations of selected sources at energies up to 30 keV will take place in order to investigate the nature of dark matter, dark energy and physics of accretion.
ART-XC

The instrument description
The ART-XC instrument consists of seven coaxial X-ray mirror modules coupled with seven CdTe doubled sided strip detectors. The schematic representation of the instrument is shown in the Figure 2 . Seven x-ray mirror modules are installed on an optical bench plate mounted on the top of a carbon fiber optical bench. Each x-ray mirror module is focused onto its own detector and thus seven detectors are installed on the bottom of the optical bench. Table 3 summarizes the overall ART-XC instrument performance specifications.
The optical system
A schematic representation of the ART-XC mirror system is shown in Figure 3 . Each x-ray mirror module contains 28 mirror shells fabricated using an electroform nickel replication technique. The shells are glued in to a supporting spider and the spider is installed onto the optical plate of the instrument. The shell diameters vary from 50 to 150 mm and the focal distance of the mirror system is 2700 mm. In order to extend the energy response to 30 keV the mirror inner surface will be coated with 30-40 nm iridium. The required system angular resolution of better that 1 arc minute necessitates the shells to be figured to the Wolter 1 prescription. The effective area calculated for different off-axis angles and for different surface roughness is shown in Figure 4 .
The weight limit for the ART-XC module is 17 kg. Two possible designs are considered. A "nominal" design calls for the thickness of the shell mirrors to be each 250 micron. The VNIIEF is pursuing this option. The other slightly different approach is to vary the shell thickness so the outer shells have larger than nominal thickness to make them stiffer and, hence, to improve angular resolution of a module. The MSFC group is following this design.
The modules are being fabricated by the two institutions independently. Three modules are to be fabricated by the VNIIEF (Russia). A Reimbursable Agreement has been signed between the IKI and NASA at the beginning of 2011 for the Marshall Space Flight Center to fabricate, test, and calibrate the remaining four modules. Integration of the modules into the instrument and alignment with the detector system will be done by the IKI.
The production of the mandrels for the shell mirror fabrication has been started in both the VNIEF and the MSFC. The VNIIEF group has started the vibration qualification tests of the mirror module qualification unit. 
Focal plane detector system
Each mirror module is aligned with a focal plane detector. The detectors are the CdTe Schottky Diode double sided strip detectors with detector crystals fabricated by ACRORAD. A schematic representation of the detector is shown in Figure 5 .
In order to improve the energy resolution, the detector crystal is cooled to at least -30 degrees C. To prevent water condensation during telescope calibration tests before launch each detector is placed in vacuum tight box with a 100-micron-thick beryllium window as shown in Figure 5 (left). The vacuum tight detector box together with the front end electronics is placed inside of a cylindrical radiation shielding box. The shielding boxes are installed on the focal plane plate as shown in Figure 5 (right). The detector crystal is cooled with a Peltier cooler before launch and after launch by the use of passive cooling system consisting from the thermal tubing and radiator. The detector parameters are presented in Table 4 .
The detector field of view is restricted by a cylindrical pre-collimator. The height of the pre-collimators is 380 mm and their inside diameter is 40 mm. The bottom half of the pre-collimator has three shielding layers made from tin, copper and aluminum (inside out). The top half has two shielding copper and aluminum layers. There is a moving mechanism with an Am 241 calibration source placed in the pre-collimator base. The source is used for in-flight detector calibrations.
Currently the engineering model for the ART-XC detector is under comprehensive qualification tests at the IKI. The results of the qualifications will be published later.
Science with ART-XC
The scientific goals of the SRG mission are to study the large-scale structure of the Universe and explore the evolution of supermassive black holes. To achieve these goals SRG will survey the sky in the low and mid-energy band with unprecedented sensitivity, discovering a very large number of galaxy clusters and AGN. ART-XC's role is to extend the energy range of the SRG prime instrument, eROSITA, significantly enhancing the sensitivity of the SRG mission at and above the critical iron-K region and facilitating the x-ray detection of heavily obscured cosmic sources, especially local Active Galactic Nuclei.
The SRG mission will effectively perform three surveys -the all sky survey, a concurrent order-of-magnitude deeper survey at the ecliptic poles and an even deeper 'blank-field' survey during long pointed observations (see Figure 6 . During these we can expect several thousands of sources to be detected by ART-XC, with about a thousand of these providing enough photons for detailed study. In the critical 6-7 keV region, the eROSITA + ART-XC ensemble has twice the effective area of eROSITA alone, more than tripling the number of AGN amenable to study.
The harder response of ART-XC relative to eROSITA also facilitates the x-ray detection of obscured AGN. The combination of eROSITA + ART-XC enables the detection of some hundreds heavily obscured AGN, a key population that accounts for over half of all AGN.
In the all-sky survey, eROSITA will also detect over 10 5 clusters of galaxies. Although ART-XC is less sensitive to the relatively soft spectra of clusters, it will extend the SRG spectral energy range for the brighter low-redshift clusters to aid in detecting cluster temperatures, a key to estimating their mass.
Finally, during the mission's pointing phase, the ART-XC instrument will study the spectra of heavily obscured galactic X-ray binary systems and will study the broad-band spectra of various Galactic objects including binary systems, anomalous pulsars and supernova remnants up to 30 keV with excellent spectroscopy and timing. Further, ART-XC can study non-thermal component in the galactic diffuse emission and perform searches for cyclotron line features in the spectra of X-ray pulsars.
